ABSTRACT
INTRODUCTION
Internet of Things (IoT) is the emerging technology in day-to-day life due to their improved use in the ubiquity of smart mobile devices such as notebooks, smartphones, tablets, various personal digital assistantsetc., [1] . By using IoT enabled network things (i.e.) "connected anywhere at any time", it could be possible to create a digital world. But here many routing problems arise due to complexity in the network and also energy conserving routing is difficult to achieve.
So that context-aware energy conserving algorithm [2, 3] has been applied to the IoT enabled smart mobile devices using different technology, which in turn involves mobile nodes connected with wired and wireless networks. Yet, efficient smart mobile devices or nodes detection and routing systems are a major challenge task because of its mobility and energy consumption behavior. Due to mobility, the transmission links between the systems may change/very frequently, depending on the nodes signals, thus resulting in frequent changes in links, which affects the performance of communication between mobile nodes and systems. Thus IoT enabled mobile users links are important factors in enhancing the quality of communication.
The proposed Energy-Efficient Content-Based Routing (EECBR) protocol for the IoT mainly minimizes the energy consumption [4] . The main scope of the paper is to study routing protocols for publish/subscribe orders. While the main advantage of this model is it handles heterogeneity issues experienced among IoT devices and provides a common framework for communication. The IoT sensor nodes are provided with one or more integrated sensors which have characteristics like limited computing, memory and power abilities. They have also the ability to interconnect at a short-range distance.
The wireless sensor networks consist of a large number of sensor nodes, which are capable of sensing, gathering, processing and transmitting data [5] . They have the tendency to collect data on the target environment and can send the data to Bases Station (BS) sensor nodes using wireless communication techniques. WSNs have been widely applied to different fields like industrial, military and civilian. The important application includes industrial plant management, motor/engine monitoring, tracking, surveillance, healthcare system, and geographic information analysis, etc.
Sensor nodes are closer to the sink node. In the case of closer nodes, energy consumption was observed to be high when compared to the other nodes so that it would have a reduced Network Life Time (NLT). For this problem, a solution based on the typical election based protocol has been proposed. The decision of selecting the cluster heads by the sink node is mainly associated with additional energy, residual energy and node location at each node [6] .
Design of fault-tolerant internet of things systems, mainly for the fault detection framework was introduced using a wireless sensor network [7] . In this paper, the author proposed a classification algorithm for fault detection methods which can be applied to a number of fault detection approaches for the sake of comparison of some characteristics specifically, energy effectiveness, correlation model, evaluation method and accuracy. After introduction, various researchers chose different perspective as discussed in section 1.1.
Related Works
In case of Mobile Ad-hoc Network (MANET) routing protocol in grid environment [8] ,the author compares and discussed about the best protocol among Ad-hoc On-demand Distance Vector (AODV), Dynamic Source Distance Vector (DSDV) and Dynamic Source Routing (DSR) routing protocols in terms of mobility, using the various performance metric such as packet delivery ratio, average end to end delay and packet loss.
Internet of things based system architecture supported by reliability, scalability, fault-tolerances for healthcare monitoring applications [9] is constructed using 6LoWPAN energy efficient communication for the purpose of an increased network lifetime. In the system, fault tolerance is accomplished by backup routing between nodes and system nodes. The system for extending the number of medical sensing nodes at a single gateway is accessible. A widespread system architecture design quantity of types from bio-signal achievement such as electrocardiogram, electroencephalography, and electromyogram to the representation of the graphical waveform of these gathered bio-signals for remote real-time tracking is proposed.
The Energy-Efficient Probabilistic RoutingEEPR algorithm for the internet of things includes an application of both the residual energy node and the expected transmission count value in it, to determine the routing metrics at the same time [10] . The proposed EEPR algorithm controls the number of the Route Request (RREQ) packets using the above said application and thus enables energy efficient routing setup. Simulation results of the proposed work i.e. EEPR algorithm have increased NLT, residual energy of each node and also the routing setup delay, but on the other hand, routing success probability is marginally decreased when compared with the typical Ad-hoc On-demand Distance Vector (AODV) protocol.
Energy efficient node fault analysis and recovery of a Wireless Sensor Networks (WSN) [11] was discussed based on the multipath data routing system which is mainly used for shortest path to ensure energy efficient data routing while other backup paths are used as an alternative path for faulty network and to handle the overloaded traffic on the channel.
Context-aware computing research efforts are used to understand how the challenges in this field have been tackled in desktop, web, mobile, sensor networks, and pervasive computing paradigms [12] . A large number of solutions exist for this facing challenge in terms of systems, middleware, applications, techniques, and models as suggested by various researchers.
The Energy Efficient Delay Time Routing (EEDTR) algorithm [13] differs from the existing methods as discussed below. The neighbour node will introduce a delay in sending the RREQ packet, which is inversely proportional to its remaining energy level. Based on this protocol, RREQ packet is either sent by the maximum remaining energy node with a smaller delay, or by the minimum energy residual node with a long delay. Hence, the sink node receives the RREQ the packet forwarded by the maximum energy-remaining intermediate relay nodes. When the an RREQ packet is received by the sink node, a RREP packet will be sent back to the route initiated source node. These modifications improve the battery life of the node for more time. Introducing a delay in the network increases the end to end delay. Context-awareness based energy efficient routing algorithm that has a longer lifetime than the congeneric protocols [14, 15] .
The present research work focuses on context-aware energy conserving algorithm which uses two QoS parameter such as Inter-Meeting Time (IMT) and residual energy of nodes. It was proposed to improve the throughput and network's lifetime considerably over another available algorithm. The main reason for considering the proposed CECA algorithm is it includes both the residual energy of the nodes and transmission links between the systems for establishing the energy efficient links.
CONTEXT-AWARE ENERGY CONSERVING ROUTING ALGORITHM
In IoT all smart mobile devices act like actors, it is important to collect the context of the environment for fast routing and it generates knowledge after examining it which is used for making routing decisions [2] . In the proposed context-aware energy conserving algorithm, nodes are assumed to be as 'i, j, k, l, m and d'while routing mobile node is assumed to be as . Here source node sends a Route Request (RREQ) packet to its neighbor nodes, which should be present within the nodes transmission range; otherwise, the RREQ packet will be discarded. Suppose if any of the neighbor nodes receive the RREQ, then it starts to compute the IMT which represents the amount of time during which neighbor nodes become unable to transfer the packets directly with each other, after which they lose their transmission link between them.
In order to forward the RREQ packet to the corresponding neighbor nodes, the IMT should be less than the other neighbor nodes and in addition, the residual energy should be greater than the threshold energy. Based on these two conditions, the packets are routed until they reach the destination node. If the distance between the neighbor nodes is only one hop, then it sends the Route Reply (RREP) packet to the source node; otherwise, the neighbor node forwards the RREQ packet to the destination node via intermediary nodes. In this way, the proposed CECA discover an efficient route (i.e. the above-said conditions) for the source to reach the destination node. In the design of this routing algorithm, computation of IMT play a vital role to identify a more robust, stable path and it is discussed below.
The present algorithm is mainly designed to minimize the link failures, to reduce the end to end delay in the IoT nodes and finally to increase the throughput and NLT. This CECA can be implemented by using DSR (Dynamic Source Routing) protocol while the route discovery in the DSR protocol has been modified so as to enable the selection of the most energy conserving and stable routes by the source nodes itself [16] . The route maintenance is essentially the same as in DSR protocol. The Major part of the proposed CECA is, it concentrates on predicting the neighbor nodes Inter-Meeting Time and to calculate the route discovery using the InterMeeting Time and the Residual Energy of the nodes. The following subsection describes the Inter-Meeting Times of the neighbor nodes.
Inter-Meeting Time Prediction
Since the ability of a multi-hop internet of things networks are used to transfer user's activity information between a pair of nodes in a timely manner, it depends critically on the time-varying network connectivity and thus it is necessary to understand the statistical properties of InterMeeting Time [15] . Let be the successive meeting times between nodes and . the Inter-Meeting Time between nodes and . Transmission between nodes i and j can occur only at their meeting times and are assumed to be instantaneous. Also, it was assumed that, if transmission occurs between nodes and at some other meeting time then it would be a successful one and as a result, the node carries the packet just before the time . Possible sensor events of the nodes in the networks represent the change in either directions or positions and nodes that occur within its transmission range of each other.
For those nodes that occur outside the transmission range of each other [7] , it is essential to calculate the time that occurs between the change in direction of a node and the time of a possible meeting with another user before its next change in direction. To understand this, example situation is shown the figure 1. . Let the position of the node j = {1,2, ... , N} in that mobility was given by the direction is given by and the speed is given by . The position of nodejat time is given in equations 1 and 2:
(1)
The nodes that occur either in or out of transmission range from each other at a time ( the distance between them as exactly is given in an equation 3. 
where, ,
Here and , represents the mobility in time when the node is in transmission range/out of transmission range each other. The following conditions are satisfied,
Step , two nodes never meet.
Step , theoretical transmission range and out of transmission range took place in the past.
Step , they are in transmission range at time and will be out of transmission range at time .
The and can be assumed as a time until the next change of direction of both nodes occurs, and then the appropriate event can be scheduled.
Calculation of Residual Energy
According to this model, the energy consumed at each node due to a flow can be calculated in a simple way as follows. Depending on the condition, whether the node belongs to flow or not and in case if the flow is a node in, the total energy expenditure at a node due to another node in the network can be obtained by using equation 6 [16] . (6) where, ERpck = energy spent for the reception of
2.2.1.Calculation of Energy Required For Tx and Rx of A Single Packet
Sample worked out as an example for the calculation of energy requirement for a data packet is given below:
If packet length = 1500 bytes, bit rate = 250kbps (48 ms/packet or 20.8 packet/sec), then Total packet size = size of (preamble + PLCP (Physical Layer Convergence Protocol) + MAC header + IP header + data) = (145 + 48 + 28 × 8 + 20× 8 + 1500 × 8) bits
The preamble and PLCP header are communicated at 1Mbps while the rest of them are sent at 11Mbps. Thus, it has 145 + 48 bits sent at 1Mbps, with a transmission time for a packet = 0.19ms. With 8 × 1548 bits sent at 11Mbps, the transmission time for a single packet is Hence the total transmission time for a single packet= 1.128 + 0.19=1.318ms
For acknowledgement packets: Packet length = 14bytes, bits rate =250kps
Total packet size=size of (Preamble + PLCP + ACK) = (145 + 48 + 14 × 8) bits. So transmission time for single packet=0.304ms.
2.2.2.Calculation of Energy Spent
In general, transmission power used was 1.3mwhr and reception power was 0.9mwhr, thus the various energy cost components were, Thus, using the energy calculation equation 6, as an example here source node can only be calculated for flow as shown below.
i.e., source :
Finally, the residual energy is calculated using equation 7 (7) Other two modes which are sleep and idle are not considered in our proposed work. Initially, every user has full battery capacity say 100% which represents the current energy. On each transmission or reception of a data packet, the residual energy is found to be utilized and can be calculated by using equation 7. In case, if the residual energy falls below 30 %, then that user will not act as a router to forward the packets.
WORKING MODEL FOR ENERGY CONSERVING ROUTING ALGORITHM
In these proposed CECA, if a source node wants to deliver the data packets to the destination node, at first step it should compare the threshold energy of the next neighbor node and it's InterMeeting Time. If the intermediate user satisfies the criteria of its residual energy level being greater than the threshold energy level, then it compares the Inter-Meeting Times with its pair.
When the Inter-Meeting Times of the node pair is less than Inter-Meeting Time of node pair than and can be calculated which gives the mobility in time when the mobile nodes come into transmission range with one another. If ( ), nodes are in transmission range with each other and route is established between them. The same method will stay until the destination node is reached. When the RREQ packet reaches the destination node, the node acknowledges by sending the RREP packet to the source node. Flow chart for the proposed CECA algorithm is shown below in figure 2 and the algorithms are described below. Step 6: If , then go to 5. Otherwise, go to 7
Step 7: Compare Inter-Meeting Time of the next pair of neighbor nodes and continues the process from step 4.
Step 8: Choose next neighbor node having higher residual energy with the threshold energy level and continues the process from step 2.
Figure3 illustrates a pictorial representation for route establishment using CECA; while the assumed residual energy levels after a finite amount of time are represented in figure 3. Source node needs to send the packet to the destination nodes. In the system i, j, k, l and m are the intermediate nodes between . Users is the neighbor nodes to . As per the proposed CECEA, initiates route discovery process by broadcasting the RREQ packets to its neighbor users. For this, at first, it should compare the residual energy levels of the intermediate neighbour users . In the network as shown in figure 3 , node represents the residual energy value to be 20mWhr which is less than the threshold energy level i.e., 30mWhr. As per the CECA, RREQ packet is not forwarded to the node . Neighbor users are satisfied, and hence, the Inter-Meeting Times of users are compared as per CECA. Inter-Meeting Time of the neighbor nodes pair is 2ms which is less than the Inter-Meeting Time of neighbor nodes pair which is 4ms. Hence forwards RREQ packet to node j instead of node the same procedure is followed to forward the RREQ packet to reach the destination node. When the RREQ packet reaches the destination node, it replies back to the source using the RREP packet. The source node will start packet transmission using the energy efficient path available in the RREP packet.
RESULTS AND DISCUSSION
The experimental work was carried out using the Global Mobile Information System Simulator GloMoSIM-2.03 parameter as represented in Table1 [17] . Any work in general has been tested with the various Ballistic Mobility models like uniform and random waypoint mobility models [18] . However, since the uniform mobility model is simple when compared to the random way point mobility model, the present work has been evaluated only with random waypoint mobility model. So that proposed method (CECA) has a better result in comparison with existing (EEPR). Also in this work, it was assumed that the arrival of the node and Inter-Meeting Times of the nodes follow the exponential distribution.
Experimental Setup
GloMoSim is a scalable simulation environment for large wireless and wired communication networks [17] . It uses a parallel discrete-event simulation capability provided by parsec GloMoSim simulates networks with up to thousand nodes linked by a heterogeneous communications capability that includes multicast, asymmetric communications using direct satellite broadcasts, multi-hop wireless communications using mobile ad-hoc networking and traditional internet protocols. This simulator is most suitable to implement the present system when compared with another simulator.
In the proposed work, the speed of the nodes is varied from 2m/s to 10m/s i.e., 7.2kmph (fast walk) to 36kmph (medium speed of the vehicle/mobile nodes) and the experiments are carried out in the simulator and the results are discussed below in detail. But in general, the speed of the node is fixed at the rate of 5m/s i.e., 18kmph which is assumed to be apt for slow running condition and the experiments are carried out at this fixed node speed. Also, the density of the node has been varied within the specified dimension from 10 nodes to 100 nodes i.e., sparse and dense situations are tested by simulation. Similar to the experiments related to the speed variation, the simulation experiments are carried out by varying the mobility of the node and by varying the pause time parameter of the node [19] . If the pause time in an experiment is more than it represents that the nodes are more stable. Similarly, less pause time indicates that the nodes are highly mobile. In this present simulation scenario, the less mobility of the nodes has been considered. Hence pause time has been fixed to be around 50s.
The terrain dimension, on the other hand, could also vary from 500m×500m to 2000m×2000m [20] . The nodes are placed uniformly in the dimension of 1000m×1000m. The maximum of 100 nodes can be comfortably placed within the area of 1km×1km. Hence, the proposed work uses 1000m×1000m, dimension area and this was implemented by using the random waypoint mobility model [21, 22] . In this, each node has been assigned an initial waypoint position in a given area and it was allowed to travel at a constant speed source to a destination waypoint which was chosen uniformly in this area. For this, the speed source was chosen to be uniformly in , which is independent of the initial position and destination. After receiving the destination, the node may pause for an arbitrary amount of time after which a new destination and a new speed are chosen, independent of all the previous destinations, speeds and pause times. The various parameters that were estimated during the simulation are as follows:
Residual Energy : It is defined as the average of the residual energy levels of all the nodes in the network and is given in equation 8 (8) End to End Delay (EED): It represents the overall average delay experienced by a packet from the source to the destination, i.e. it represents the average time involved in the delivery of data packets from the source to the destination node. To compute the average end to end delay, every delay for each successful data packet delivery has been added and then divides that sum by the number of successfully received data packets as given in equation 9 [23] . 
Performance Comparison with Respect to Speed
The performance metrics of the proposed CECA were compared with the existing EnergyEfficient Probabilistic Routing (EEPR) algorithm [10] by varying the speed of the mobile nodes in the network. The performance metrics are estimated and compared with respect to the variation in the speed of the mobile nodes from 2 to 10m/s under the following constant parameters during the simulation. The network density is 100 nodes, the pause time of the node is 50 seconds, the number of Source and Destination Pairs (SDP) (traffic sources) are 10 and the terrain dimension is 1000m ×1000m. Table 2 (a) shows the comparison results between the proposed CECA with the existing EEPR algorithm with respect to the varying speed of nodes (m/s) and the average residual energy (mWh). When the speed increased from 2 to 10m/s, the average residual energy of the nodes decreased because of the change in the frequency topology which in turn causes more overhead in the route discovery where it consumed more energy of the mobile nodes. Thus, the proposed CECA increase the network lifetime, thereby increasing the average residual energy by 11.1% over the EEPR algorithm.
Table2(b) shows the comparison results between the proposed CECA with that of an existing EEPR algorithm with respect to the varying speed of the nodes (m/s) and the end to end delay (m/s). When the speed increases from 2 to 10m/s, the average end to end delay between the end nodes also increases due to frequent change in the network topology. This, in turn, increases the end to end delay to deliver the packets to the destination node. The statistics show that the CECA algorithm reduces the average end to end delay over the other existing EEPR by 14.1% respectively. Figure 4 shows comparatively the graphical representation of data between the varying speed of nodes (m/s) and the average residual energy (%) in case of both the proposed CECA algorithm and the existing EEPR algorithm. When the speed increases from 2 to 4m/s, the residual energy was observed to be 19.7% in the case of CECA based algorithm, while the same was observed to be 12.5% in the case of EEPR based algorithm. In a similar manner, when the speed increases from 5 to 8m/s, the residual energy was observed to be 25.3% and 11.9% respectively; and in the case of 9 to 10m/s, the residual energy was observed to be 28% and 13.7% respectively. The reason for this change is the same as that already discussed in Table2(a). Similarly, Figure 5 shows the graphical representation of data measurement obtained by varying speed (m/s) Vs end to end delay (%) for both proposed CECA and with the existing EEPR algorithm. When the speed increases from 2 to 4, 5 to 8 and 9 to 10m/s, the end to end delay was observed to be 19.3%, 15.2% and 16% in the case of CECA based algorithm, while the same was observed to be 3.3%, 2.1% and 3.7% in the case of EEPR based algorithm, respectively for the same reason that has discussed earlier.
Performance Comparison with Respect to Density of Nodes
The density of the network is varied by varying the number of nodes in the network. The node density varies from 10 to 100 nodes under the following constant parameters during the simulation. The speed of the node is 5(m/s), the pause time of the node is 50 seconds and the terrain dimension is 1000m ×1000m. Table 3 (a) shows the comparative results between the proposed CECA and the existing EEPR algorithm with respect to the number of nodes and the average residual energy (mWhr). When the density of the node increased from 10 to 100 nodes, the average remaining energy of the nodes was also observed to get increased depending on the availability of the numbers of intermediate nodes present there to transmit the packets in the network. Thus the proposed CECA algorithm increases the average residual energy by 16.1% over the existing EEPR algorithm. This is because the proposed CECA technique chooses the minimum Inter-Meeting Time nodes in the route selection, which will minimize the control packets considerably over the other protocols. Hence, it minimizes energy consumption and increases the average residual energy over the other existing protocols [25] .
Table3(b)shows the comparative results between the proposed CECA and the existing EEPR algorithm with respect to the number of nodes Vs end to end delay in (m/s). When the density of the node increases from 10 to 100 nodes, the average End to End delay of the nodes was also observed to get increased because of the time consumed for route discovery and the cumulative number of packets in the buffer. The statistics show that the proposed CECA reduce the average End to End delay by 15.9% over the existing EEPR algorithm. This reduction is mainly due to the optimized route selection by choosing the nodes that have reduced Inter-Meeting Time.
Similarly, Table 3 (c) shows the comparative results between the proposed CECA and the existing EEPR algorithm with respect to the number of nodes Vs control overhead in packets. When the density of the node increases from 10 to 100 nodes, the average control overhead also increases because of the availability of the number of control packets that are used for route discovery and maintenance. Thus, the proposed CECA algorithm shows better performance in reducing the control overhead by 23.7% over the EEPR algorithm. This decrease in control overhead is accomplished by minimizing the number of retransmission and route discovery by forming a more stable energy efficient route. Figure 6 comparatively shows the graphical representation of data between the varying number of nodes and the average residual energy (%) in case of both the proposed CECA algorithm and the existing EEPR algorithm. When the number of nodes increases from 20 to 40, the average residual energy was observed to be 27.3% in the case of CECA based algorithm, while the same was observed to be 10.4% in the case of EEPR based algorithm. Whereas for 41 to 80 nodes, the observed values are 28.1% and 11.3%, and for 81 to 100 nodes it was 20.6% and 9.1% respectively. The reason for this change is the same as that already discussed in Table3. Similarly, Figure 7 shows the graphical representation of data measurement obtained by the number of nodes Vs reduction end to end delay (%) for both proposed CECA and with the existing EEPR algorithm. When the density of the nodes increases from 20 to 40, 41 to 80 and 81 to 100 nodes, the average end to end delay of the nodes was observed to be 30.5%, 33.2% and 13.1% in the case of CECA based algorithm, while the same was observed to be 22.5%, 19.1% and 2.9 % in the case of EEPR based algorithm, respectively for the same reason as discussed above. Likewise, Figure 8 shows the graphical representation of data measurement obtained by a varying number of nodes Vs control overhead (%) for both proposed CECA and compared with the existing EEPR algorithm. When the density of the nodes increases from 20 to 40, 41 to 80 and 81 to 100, the average control overhead of the nodes was observed to be 24.4%, 37.6% and 42.2% in the case of CECA based algorithm, while the same was observed to be 7.5%, 12.6% and 6.7% in the case of EEPR based algorithm, respectively for the same reason.
CONCLUSION
Context-aware energy conserving routing algorithm is used to improve the network lifetime, to reduce the end to end delay and control overhead. The proposed algorithm thus improved the performance metrics by discovering the energy efficient route with the aid of efficient intermeeting time and residual energy calculation. The performance metrics such as average residual energy, end to end delay and control overhead are evaluated with respect to speed, number of nodes and then it was compared with the existing EEPR algorithm. The statistical result showed that the proposed CECA can considerably improve the performances over the existing EEPR.
